Introduction
In 2009, the EuroQol Research Foundation introduced a new descriptive system for the measurement of health, the five-level EuroQol five-dimensional questionnaire (EQ-5D-5L) [1] . Similar to the previous version of the EQ-5D, the EQ-5D-5L measures health-related quality of life on five dimensions of health: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The EQ-5D-5L can describe 3125 (5 5 ) unique health states because each dimension has five answer categories (levels)-no problems, some problems, moderate problems, severe problems, and extreme problems/unable to-compared with the three levels in the previous EQ-5D-3L version. To make the EQ-5D-5L suitable for use in economic evaluations, the health states need to be valued with a preference-elicitation method. This article reports how Dutch values for the EQ-5D-5L were collected and subsequently modeled. The EQ-5D-5L has been introduced in response to perceived limitations of the EQ-5D-3L. Although the EQ-5D is a preferred generic utility measure in the United Kingdom [2] , users have expressed concern over the crude three-level structure of the EQ-5D and there is evidence of ceiling effects in patient populations [3] [4] [5] . Measuring health problem intensity with just three levels restricts the instrument's potential to detect small differences in health and to evaluate changes in health-related quality of life of patients with mild conditions. To improve the discriminatory potential of the EQ-5D, the EQ-5D-5L has been developed with an increased number of answer levels from three to five. Available evidence on the comparative performance of the EQ-5D and the EQ-5D-5L suggest that the EQ-5D-5L is a valid, reliable, and useful improvement over the previous EQ-5D [1, 6, 7] . The EQ-5D-5L has less ceiling effects and greater discriminative ability with potentially more power to detect differences between groups compared with the EQ-5D [8, 9] . At present there are 123 different language versions of the EQ-5D available. In the development of the EQ-5D-5L, the next step is to generate national value sets that make the instrument suitable for use in economic evaluations.
In the past, the outcomes of valuation studies for the EQ-5D in different countries lacked comparability because of differences in the research protocols that were used [10] . To increase intercountry comparability of both valuation studies and outcome studies, and to increase the likelihood that observed differences between the EQ-5D-5L values collected in different countries reflect population preference differences rather than method heterogeneity, a protocol has been developed for valuation studies of the EQ-5D-5L [11] . This protocol is the result of several empirical studies [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and describes the requirements for data collection. The protocol does not prescribe a preferred modeling approach because this depends on the characteristics of the data that are obtained and cannot be defined a priori.
The protocol includes two health state valuation tasks: a time trade-off (TTO) and a discrete choice experiment (DCE). The TTO is a widely used method for health state valuation that has been extensively used for EQ-5D valuation studies in the past. It is an interview-based method for health state valuation that may be difficult for respondents because of the iterative nature of the tasks and its questions concerning life and death [22] . Also, it often results in censored data because the properties of the TTO design define the lowest measurable value [23] . In the protocol, the TTO task is accompanied by a DCE task that measures preferences for the various health states on a latent scale. The TTO and the DCE may be complementary in the sense that both intend to measure the same construct (quality of life in a particular state of health) and that both procedures may come with idiosyncratic strengths and weaknesses. The use of multiple methods may then enhance the understanding of people's preferences for EQ-5D-5L health states.
This article reports on the EQ-5D-5L valuation study that was conducted in the Netherlands and the subsequent modeling strategies for estimating a "tariff," that is, an algorithm that can be used to attach values to all 3125 health states for use in economic evaluations.
Methods

Respondents
Interviews took place in five cities located in different parts of the Netherlands: Utrecht (central), Rotterdam (west), Maastricht (south), Enschede (east), and Groningen (north). A stratified sampling approach was used in which three strata were a priori defined for age (deciles, with being at least 18 years old as the eligibility criterion), sex, and education (eight levels including "unknown") on the basis of the distribution in the Netherlands as recorded by Statistics Netherlands (Centraal Bureau voor de Statistiek [CBS] ). The education stratum was recoded for this publication to be internationally comprehensible in "higher," "lower," and "middle." Respondents were then randomly drawn from the panel until the strata quote was met. Respondents were recruited from these cities and their surrounding areas to achieve sufficient geographical spread. The interviews in each city took place in different months to allow selective recruiting during the progress of the study to maximize the samples' representativeness at the cost of having the most difficult to sample strata being recruited from specific parts of the Netherlands. Respondents were sampled from a commercial panel, and they received a financial incentive of €20 and an additional €7.50 as travel reimbursement. The sample was selected to represent the Dutch population in 2012 in terms of the distribution of age, sex, and education as recorded by the CBS. This survey aimed to elicit preferences of the general population about the severity of states of health and does therefore not fall under the scope of the Medical Research Involving Human Subjects Act in the Netherlands, exempting it from ethical review.
Health State Valuation Tasks
Two types of stated preference methods were applied in the study: the composite TTO (cTTO) and a DCE (without duration), embedded in a digital aid and accompanied by a face-to-face interviewer and an interview script. The study by Janssen et al. [17] contains a detailed description of the cTTO method. The concept of cTTO for the valuation of health states considered better than dead is identical to that of "classic" TTO that has been used in most EQ-5D-3L valuation studies: a TTO score indicates the amount of time in full health x that is considered equivalent, after a series of choicebased iterations, to a period of time t in an impaired state of health. The value of t has been set at 10 years in EQ-5D valuation studies, and the health state value is defined as x/t. Respondents who indicated that they consider the health state under valuation so poor that they would rather die immediately than have to live t years in the health state were switched to a lead-time TTO task. In the lead-time TTO task, the health state under valuation still lasted for t years, but it was preceded by a period of time l in full health. Respondents then are able to trade in their lead time l to express negative values. In this study, l was set at 10 and thus the ratio of lead time to disease time was 1:1. This ratio defines À1 as the lowest attainable value, which is computed with (x À 10)/10. Hence, the lowest attainable value is À1, at x ¼ 0. The smallest tradable unit was 6 months, or 0.05, when expressed as health state value.
The DCE task presented respondents with two different EQ-5D-5L health states in which the levels, but not the order of the attributes, differed as experimented with in two previous studies [20, 21] . In the present study, the DCE-derived values were estimated on a latent scale and not on full health (utility ¼ 1) and death (utility ¼ 0). The DCE task in this study can therefore not be used independently to estimate health state values. In this study, the DCE data were used to identify appropriate cTTO modeling techniques.
Health State Descriptions and Experimental Design
The EQ-5D-5L descriptive system (Dutch translation) was used in bullet-point format to describe the health states that were presented in the cTTO and DCE tasks. The EQ-5D-5L dimensions are mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension of health has five levels of severity, ranging from no problems (1) to extreme problems/unable to (5) . Each health state is identified by a five-digit number that contains the severity levels per dimension; the first digit represents the severity level in the mobility dimension, the second in the self-care dimension, and so on. Hence, state 55555 refers to a state with the highest level of problems on each dimension.
For cTTO, 86 health states were included in the study. Health state 55555 (included in all 10 blocks) and the five mild states (21111, 12111, 11211, 11121, and 11112, each included in two blocks) were selected a priori for the design. The mild health states were purposefully included because it was expected that direct observations were required to statistically distinguish minor impairments from full health. The mild and the 55555 health states were supplemented with 80 additional states selected using the design strategy described in the study by Oppe and van Hout [24] . This design for TTO was generated by randomly selecting 80 health states from the full fractional design minus the six health states mentioned earlier. Next, an expected health state value was assigned to each of the 86 states in the design on the basis of priors. Subsequently, a regression model was estimated on the data set to calculate predicted values for each health state. The strategy was "looped" until a design was identified with small differences between prior and predicted values. The 80 states were distributed over 10 blocks in such a way that the full utility range was more or less covered within a block while all blocks also would have the same mean utility. In the final design, every block included eight states unique to that block, supplemented with state 55555 and one of the mild states. The DCE task involved forced choices between two health states described by the EQ-5D dimensions. One hundred ninety-six pairs were included in the DCE experimental design generated by Oppe and van Hout [24] . These pairs were distributed over 28 blocks, which resulted in seven pairs per person for the DCE task. The blocks were balanced in terms of their severity, which was calculated as the sum of the level scores on all dimensions. Block assignment, question order, and (in DCE) the left-right position of health states in the choice tasks were all randomized.
Sample Size Calculation
In accordance with the protocol for EQ-5D-5L valuation studies, the target sample size for this study was set at n ¼ 1000. This sample size was proposed to balance statistical requirements for the modeling of the cTTO data and the feasibility of data collection. There were three key considerations. First, a previous study had identified that about 100 observations per health state result in standard error of mean health state utilities between 0.01 (for mild states) and 0.06 (for poor states) [17] , which was considered sufficient precision. Second, the regression model that would be fitted to the data would have to allow for at least 21 parameters (i.e., four dummy variables for each of the five dimensions of health and a constant). Third, there was a limit to the number of health states an individual could value in one and the same task was set at 10 per person. Design considerations translated into a general design based on 10 blocks with at least eight unique health states. Aiming for 100 observations per health state leads to a sample size of 1000. This number corresponds to a standard multivariate regression sample size calculation of n ¼ 1064 with a power of 0.9, five predictor variables (21 including 
Data Collection Process
Data were collected in the fall of 2012 using computer-assisted personal interviews. The respondents used the computer to complete all tasks. An interviewer was present to serve as host, explain all the tasks, and guide the respondents through the interview. Hereto, the EuroQol standard protocol for EQ-5D-5L valuation studies [11] has been embedded in a digital aid called the EuroQol valuation technology (EQ-VT) and accompanying materials (interviewer manual and training materials) that were designed to standardize interviewer behavior and promote quality. We used version 1.0 of the EQ-VT. Visual representation of the EQ-VT is described elsewhere [11] . The structure of the interview was as follows. First, the interviewer welcomed the respondent and explained the purpose of the research. Second, respondents recorded their own health state on the EQ-5D-5L and the EQ-5D visual analogue scale and answered background questions regarding age, sex, and experience with illness. Third, the interviewer and the respondent discussed how to interpret and carry out the cTTO task, using the hypothetical state "being in a wheelchair" as example. When respondents indicated that they understood the task, they valued 10 EQ-5D-5L health states. Fourth, respondents received instructions on how to carry out the DCE task and subsequently they completed seven choice sets. Finally, the respondents were given an opportunity to leave their comments, if any, about the study and were thanked for their cooperation.
In each of the five cities a local team of interviewers was trained. In total, 21 interviewers with an academic education (either enrolled in or having completed a Bachelor of Science degree, including PhD students, postdocs, and senior researchers) and some previous knowledge of EQ-5D were involved in this study. To guarantee equivalent task understanding, procedures, and interaction with respondents for all interviewers, the interviewers were trained in a day-long training session by E.S. and M.V. In this training session the interviewers received the wordfor-word interview script with screenshots of the software. They were also introduced to the software and were made to perform several practice interviews under the supervision of E.S. and M.V. (three interviews demonstrated in front of the class, two during breakout sessions, and at least one practice session unsupervised at home with friends or family including uploading of the data to the repository to allow a check of the data). Each team was supervised by a local lead investigator who held at least a PhD and had experience with conducting valuation studies and by the principal investigator (E.S.). Data collection was monitored and screened for quality by the principal investigators, and the interviewers were reminded to follow the protocol on a regular basis. Close attention was paid to the distribution of values and suspect response patterns indicating "task short-cutting."
Exclusion Criteria
The cTTO data from respondents were excluded when the task was not finished (which resulted in not uploading the data to the repository) or when interviewers had indicated to the principal investigator that the respondent clearly was not able to understand the task or when a respondent gave the same value to all health states in the cTTO task. These exclusions were based on the argument that these respondents were unable to discriminate severity levels of health states using the cTTO task. Because this argumentation pertains only to the cTTO task, the DCE data of these respondents were not excluded.
Modeling cTTO and DCE
cTTO values were modeled using main effects models that included a constant and 20 main effects derived from the EQ-5D-5L descriptive system, using ordinary least squares (OLS) and tobit models. The constant is interpreted to reflect the utility decrement associated with any deviation from full health. Random effects were included to account for the panel structure in the data. The basic equation for the random-effects OLS regression with random intercept is given in Equation 1:
where Y it refers to the TTO values as dependent variables. The terms MO, SC, UA, PD, and AD are five dummy-coded regressors, respectively, for mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, each representing the four levels beyond "no problems" of the five dimensions of the EQ-5D-5L. In the equation,
which is similar for SC, UA, PD, and AD, leading to a total of 20 regressors plus the constant. ε is the error term, i indicates the
respondent, and t accounts for the panel structure of the data set (because there are 10 cTTO questions per respondent).
The tobit model assumes a latent variable Y n it underlying the observed Y it cTTO values. This matches well with the censored cTTO data, which by nature of the applied cTTO task were leftcensored at À1. The tobit model accounts for this censored nature of the data by estimating the latent variable Y n it , which can take on predicted preference values extrapolated beyond the range of the observed values. This is a favorable model characteristic because observed preference values were censored by the cTTO methodology at À1, whereas latent preferences of respondents might include valuations lower than À1. A likelihood function is used to adjust the parameter estimates for the probability of Y it being above the censoring value. Hence, in the tobit model, the observed value Y it has the following properties when the censoring value is À1: The DCE data were modeled under random utility using the conditional logit model. The model included the same 20 dummy parameters as used in the cTTO model, reflecting utility decrements associated with levels 2, 3, 4, and 5 for each of the five domains: MO, SC, UA, PD, and AD. Equation 3 shows the regression equation, where j is the choice alternative in choice sets.
Hence, besides the DCE model, three potential tariff models were estimated: model 1, the random-effects linear regression 
Sensitivity Analysis
A sensitivity analysis was conducted to explore how the presence of severely inconsistent responders impacted on the modeling of DCE and cTTO results. Hereto, all cTTO responses were removed of respondents who 1) valued state 55555 higher than any other state and the difference was equal to or larger than 0.5 on the utility scale and 2) valued the mild state (40.5) lower than any other state that it logically dominated. A pair of cTTO responses was defined as logically inconsistent when the observed values of two states, state A and state B, contradicted the logical ordering of health states. That is, if state A was better on at least one dimension and no worse on other dimensions compared with state B, then state A should have logically received a higher value. If state B received a lower value instead, the response was then defined as logically inconsistent. Considering, however, that many inconsistencies may be the result of random error, the "seriousness" of the inconsistencies was evaluated by the size of utility difference between two states. During inspection of the data, it was identified that particular concern is warranted with utility differences of more than 0.5. Inconsistencies involving utility differences of more than 0.5 typically involved situations in which one or more states were valued as worse than dead, whereas state 55555 was not, or when the mild states had received a low value (e.g., utility ¼ 0) that seemed to be mistakenly provided. This kind of inconsistency may be prevented if interviewers would pay closer attention to consistency of answers at the sorting question, or may be corrected if respondents were provided with the opportunity to review their responses and take the wrong ones out, if any. In contrast, random error will always occur and is typically not considered a sufficient reason for exclusion. For this reason, the sensitivity analysis excluded only the subset of inconsistent responses defined earlier.
DCE responses were considered problematic when respondent's responses followed a pattern indicating use of simplifying heuristics (i.e., when choosing between option a and option b, display the following response pattern: aaaaaaa, bbbbbbb, abababa, bababab). Regressions were rerun to assess the impact of removing DCE data that followed one of these patterns.
Model Selection
Models were compared regarding logical consistency, significance of the parameters, and predictive performance. A model was considered logically consistent when the coefficient preserved the severity ordering of the levels in each dimension. Predictive performance was analyzed by comparing predicted and observed values of cTTO using mean absolute error (MAE). It must, however, be noted that tobit extrapolates modeled values purposefully beyond the range of observed values, which may cause MAE to be an insufficient criterion for model selection in itself because the MAEs of tobit models will be higher when there is significant censoring in the data. To choose between OLS and tobit models, agreement with DCE results was explored. This was assessed by comparing the mean absolute difference, referred to as "DCE fit," between DCE values for all 3125 health states and values generated by the OLS and tobit models. DCE values are uncensored and on a latent scale and hence it is hypothesized that the tobit-predicted values, which are adjusted for censoring, are more similar to DCE-predicted values than to OLS-predicted values. The final model would be subjected to monotonicity constraints, if necessary.
Dutch EQ-5D-5L Reference Values
Reference values for the Dutch general population were calculated by multiplying the EQ-5D scores of the respondents selected for the model (N ¼ 979) with the coefficients of the preferred regression model, that is, the new Dutch tariff. The sample was stratified on age, sex, and education, and it is for this stratification that the sample is representative.
Comparison of EQ-5D-3L Values with EQ-5D-5L Values
The EQ-5D-3L and EQ-5D-5L value sets were compared using the distribution of attainable values of both instruments as well as the distribution of observed values in a data set containing EQ-5D-3L and EQ-5D-5L responses of 3476 respondents. The health state values were generated on the basis of the Dutch EQ-5D-3L tariff [25] , and the new tariff was estimated for the EQ-5D-5L. Kernel density graphs were produced to compare the distribution of attainable and observed values, or, in other words, to compare the theoretical and practically relevant evaluation spaces.
The first graph was created using a data set that contained all possible health states of both instruments, valued using the Dutch EQ-5D-3L tariff [25] and the new tariff estimated here for the EQ-5D-5L. The second graph was based on a data set including responses of 3476 respondents to whom EQ-5D-5L and EQ-5D-3L had been coadministered. The data were collected in six countries (Denmark, England, Italy, the Netherlands, Poland, and Scotland) and included patients with a range of diseases that guaranteed a good spread of observations on the dimensions of the EQ-5D. The data and their collection process are described elsewhere [26] , with the only difference being that V A L U E I N H E A L T H 1 9 ( 2 0 1 6 ) 3 4 3 -3 5 2 for this Dutch tariff study the data from students in Poland (N ¼ 443) were excluded from the total data set (N ¼ 3919).
Results
Characteristics of the Sample
In total, 1003 respondents attended the interview, and for 999 respondents recruitment characteristics were available. No data, however, were obtained from 11 respondents because of different reasons: the task was completed but the data were lost because of technical problems (N ¼ 2); respondents could not start because of technical problems (N ¼ 1); respondents could not start because of the absence of an interviewer (N ¼ 2); respondents were not willing to participate after being informed about the subject (N ¼ 3) ; or because of other/unknown reasons (N ¼ 3). Some responses (N ¼ 3) were removed from the cTTO on the basis of an interviewer's decision that the respondent did not understand or refused to complete the task. Furthermore, eight respondents did not trade any time and two gave the same value to all health states in the cTTO task but not in the DCE task. In both instances, the cTTO response suggests that preferences concerning the trading of time were independent of health state severity; their cTTO responses were excluded. For DCE, no additional respondents were excluded. Accordingly, the cTTO and DCE data sets contained responses of 979 (1003 À 24) and 992 (1003 À 11) respondents, respectively.
The characteristics of the recruited sample (N ¼ 999) are presented in Table 1 . The sample is representative of the Dutch population for sex, age (except for age category 80-90 [t ¼ À12.9; P o 0.00]), and level of education as recorded by the CBS in 2012. In the aggregated categories, there is a slight but significant underrepresentation of lower educated respondents (t ¼ À3.56; P o 0.00), but this is the cause of aggregating smaller nonsignificant differences between the eight underlying education categories. The multicenter recruitment strategy resulted in a high level of geographical dispersion across the Netherlands, but with some clustering around research centers (Fig. 1) and an underrepresentation of inhabitants of the Noord-Holland province. The mean self-reported EQ-5D visual analogue scale score was 80.6. Health problems were most frequently reported in the pain dimension (49%) and least frequently in self-care (4%).
Data Characteristics
The observed cTTO values (N ¼ 979) are presented in Table 2 . Observed values ranged from À0.309 for state 55555 to 0.927 for state 11122. States 11112 and 11121 were valued at 0.907 and 0.915, respectively. The mean observed value was negative for 8 out of the 86 states that were included in the design. A clustering of values was observed at 1, 0, À1, and 0.5 in data pooled over respondents and health states (Fig. 2) , reflecting strong agreement across respondents on the valuation of the mild and poor states. Many respondents were not willing to trade off any lifeyears to avoid mild health problems, whereas the poor health states frequently yielded values of À1 (this was the bottom value for 345 respondents) or 0 (bottom value for 122 respondents). The values À1 and 0 were used more than once by 221 and 55 respondents, respectively. Logical inconsistencies involving state 55555 and the mild state occurred frequently in 22% and 11% of respondents, respectively. Inconsistencies involving the mild states often traced back to small utility differences that most likely reflected random uncertainty about the values of the mild state and the one dominating it. Nevertheless, 87 respondents (8.8%) valued state 55555 minimally 0.5 higher than another health state in their set. These respondents seemed inconsistent in their decision to enter the worse-than-dead task. In the DCE data, 23 respondents (2.3%) answered following a specific pattern (aaaaaaa, bbbbbbb, abababa, bababab) but were not excluded from the analyses.
Discrete Choice Experiment
The DCE model results are presented in Table 3 . The model that included 20 dummy variables contained only significant parameters but with inconsistent ordering of levels 2 and 3 in three dimensions (mobility, usual activities, and pain/discomfort).
Modeling cTTO
Regression models on cTTO data are presented in Table 4 . The OLS model 1 outperformed the tobit model 2 in terms of reduced prediction errors as measured by MAE. The largest difference between parameter estimates of the OLS model and the tobit model was 0.029 for pain/discomfort level 5, with an average absolute difference of 0.008 for all parameters combined. The base-case models (models 1 and 2) had significant parameters (P o 0.05) but inconsistent ordering of levels 4 and 5 in the usual activities and self-care dimensions for both the OLS and tobit models. Tobit predictions for the 3125 health state values of EQ-5D-5L deviate less from DCE values for these health states as indicated by DCE fit. The relationship between DCE and tobit values is graphically presented in Figure 3 .
With 1084 left-censored observations, the tobit model is theoretically preferred over the OLS model because of its capability to extrapolate values beyond the censoring value of À1 inherent to the cTTO design. Combined with the other selection criteria, the tobit model was chosen over the OLS model to serve as the basis for the EQ-5D tariff. The most parsimonious version of this model, with constraints to deal with illogical ordering of parameters, is presented in Table 4 as model 3. Using this model as EQ-5D tariff leads to a value of À0.446 for health state 55555 and the highest value of 0.918 for health state 21111.
Sensitivity Analysis
The sensitivity analysis suggested that exclusion of respondents in whom data quality issues as described in the "Methods" section were identified had only trivial effects on the coefficients obtained in the DCE model. In the cTTO tobit model, the effects were slightly larger: the value for state 55555 decreased by about 0.02 utility points after exclusion of inconsistent responses and the values for the mild states were about 0.02 higher.
Reference Values for the Dutch General Population
Out of the 979 respondents in the respondent recruitment data, data were missing for the age and sex categories for 9 and 2 respondents, respectively. Table 5 presents the Dutch general population values by sex and age categories on the basis of the constraint tobit model. Figure 4A depicts the distribution of the 243 attainable values in the EQ-5D-3L and the 3125 attainable values in the EQ-5D-5L. This graph shows that the two instruments roughly cover the same evaluation space, but compared with the EQ-5D-5L, the EQ-5D-3L contains relatively few health states that result in values between 0.5 and 0.75. Figure 4B depicts the results of comparing the results of 3476 respondents filling out both the EQ-5D-5L and the EQ-5D-3L. In this sample, 118 of the 243 EQ-5D-3L states were reported versus 584 of the 3125 EQ-5D-5L states. The kernel density plot suggests that the EQ-5D-5L allows for more observations, and hence the potential to distinguish subgroups, in mild conditions (0.8-1) and in moderately severe conditions (0.3-0.5) using the Dutch tariff.
Comparison of EQ-5D-3L and EQ-5D-5L Values
Discussion
The objective of this study was to derive a Dutch tariff for the EQ-5D-5L. The EQ-5D-5L is a new version of the EQ-5D, with an increased number of answer levels from three to five per dimension. Accordingly, the number of health states is increased from 243 to 3125. This study collected DCE and cTTO responses in a face-to-face setting among 1003 respondents (of which 979 were included for the final tariff) and modeled these results to estimate values for all health states of the EQ-5D-5L. A 
constrained random-effects tobit model was estimated on the cTTO data to derive the values. This model was favored over the OLS model on the basis of the nature of the data and the agreement with the DCE data. The largest impact of choosing the tobit model over the OLS model was in the pain dimension, with a difference of 0.029 in coefficients, whereas the average absolute difference between all parameters of the tobit and OLS models was 0.008. The coefficients obtained in the tobit model followed the monotonic structure of the EQ-5D-5L instrument, except for level 5 of the self-care and usual activities dimensions, which were constrained to be equal to level 4. The resulting tariff produced values that ranged from À0.446 for state 55555 to 1 for state 11111. When compared with values produced by the EQ-5D-3L, the range of attainable values by the EQ-5D-5L is slightly larger. The increase in observations in the range between 0.8 and 1 and between 0.3 and 0.5 in 3476 patients who completed both the EQ-5D-3L and the EQ-5D-5L suggests that the new EQ-5D-5L is better equipped to discriminate between patients with minor complaints and moderate/severe complaints than its predecessor. The EQ-5D-5L aimed to improve the sensitivity to mild health problems and small changes in health status by expanding the number of answer categories from three to five. The valuation study reported here was able to assign different utility values AIC, Akaike information criterion; ad, anxiety/depression; BIC, Bayesian information criterion; DCE, discrete choice experiment; EQ-5D, EuroQol five-dimensional questionnaire; mo, mobility; pd, pain/discomfort; sc, self-care; SE, standard error; ua, usual activities.
to the mild health states, indicating that respondents on average distinguished between these states. Compared with the EQ-5D-3L, a smaller gap was observed between perfect health (state 11111) and the next best state with tariff value 0.897 in the EQ-5D-3L (for state 11211, "some problems" in usual activity) and 0.918 in the EQ-5D-5L (for state 21111, "slight problems" in mobility). Although the new Dutch tariff is able to assign different utility values to different mild health states, the sensitivity of the instrument also depends on how patients respond to the Dutch descriptive system.
Similarity in values between the EQ-5D-3L and EQ-5D-5L versions was not necessarily expected because the wording of the instruments differs. For example, level 2 in the EQ-5D-3L was described as having "some problems" on a given dimension, whereas level 3 in the EQ-5D-5L was described as having "moderate problems." The worst mobility dimension was described as "confined to bed" in the level 3 version versus "unable to walk" in the level 5 version. The EQ-5D-3L and EQ-5D-5L, EuroQol five-dimensional questionnaire five-level; Max., maximum; Min., minimum.
EQ-5D-5L version values for the worst health state also differed: À0.329 (for EQ-5D-3L state 33333) and À0.446 (for EQ-5D-5L state 55555). Moreover, the tasks for valuing worse-than-dead states were conceptually different. This study differs from several existing EQ-5D-3L tariffs because it does not correct for diminishing marginal utility. Many published tariffs for the EQ-5D-3L, including the Dutch one [25] , include interaction terms that capture that having (severe) problems in multiple domains may lessen the impact of additional health deterioration. Examples are the n3 term used among others by Dolan [27] or the D1 term by Shaw et al. [28] . Models with these interaction terms fitted the observed TTO data better in those studies. This study refrained from including such interaction terms in the final model for two reasons. First, the design and sample size were optimized for main effects. Second, including interaction terms may result in a better fit to the observed data, but increases the risk of misprediction of values for health that were not included in the valuation study as demonstrated for the EQ-5D-3L elsewhere [29] . Because it was decided not to include interaction terms in the model, alternative strategies were explored to deal with logical inconsistencies in the parameter estimates. Both the cTTO and DCE models contained several parameter estimates that were illogically ordered given the monotonic structure of the EQ-5D-5L, albeit in different locations. In the final cTTO model, the affected parameters (selfcare and usual activities level 5) were subjected to the constraint that a level 5 had to receive the same coefficient as a level 4. Because the observed differences between levels 4 and 5 in the affected dimensions were small and not statistically significant both in the cTTO and in the DCE, the loss of information following the constraints was very limited.
A limitation inherent to the cTTO task is the censoring of data. In this study, the DCE data were used as a yardstick to decide whether to apply the OLS or the tobit model on the cTTO data. Strong agreement was observed between the cTTO and the DCE model parameters in general, supporting the hypothesis that the two methods measure the same construct. To improve understanding of the validity conditions for models that integrate DCE and TTO data (referred to as hybrid models), further investigation of the agreement between the methods is warranted, for example, with regard to their ability to study preference heterogeneity.
The present study was performed in the "first wave" of several EQ-5D-5L valuation studies, and is hence among the first to apply the newly developed protocol. Research into the data from these first-wave studies identified some general issues: clustering of values at certain round numbers and inconsistencies [30] . For example, in each of these studies at least 20% of respondents valued one or more health states as being worse than 55555. Similarly, about 10% of respondents gave lower values to very mild health states than they did to more severe and logically worse states. There may be several explanations for these inconsistencies in responses. The clustering of values could correspond to respondents stating indifference early in the present TTO routing ("I would trade about 5 years"), whereas if properly motivated they may have given a more precise response ("I would trade exactly 4 years") to follow-up questions. Furthermore, interviewers could differ in their engagement and ability to support respondents in performing the task well.
In the period between data collection and the submission of this article, a research program was developed aimed at testing proposed modifications to the EQ-VT that might increase data quality [30] . On the basis of that research, a new version of the EQ-VT has been developed that includes additional warm-up questions to the cTTO task, introduces pop-ups asking for confirmation of a response, and confronts respondents with their own values/inconsistencies, with the opportunity to make changes. Although these improvements are welcome, inconsistent respondents identified in the Dutch first-wave study showed only minor effects in the sensitivity analysis of this study. Therefore, it seems that the tariff established here represents Dutch views on health state severity levels well. Further research is required to investigate how these Dutch preferences are affected by, for example, income or experience with illness, and the data collected for this study can be used to address such questions.
Conclusions
This study established a Dutch tariff for the EQ-5D-5L on the basis of cTTO. The values represent the views of the Dutch population about the EQ-5D-5L health states. This value set may be used to compute utilities for use in calculating qualityadjusted life-years for Dutch health technology assessments and economic evaluations. Additional research is required to assess the responsiveness over time and the discriminative properties of the Dutch tariff in patient samples. 
